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ABSTRACT
We desribe the Monitor e Imageador de Raios-X (MIRAX), an X-ray astronomy satellite mission proposed
by the high energy astrophysis group at the National Institute for Spae Researh (INPE) in Brazil to the
Brazilian Spae Ageny. MIRAX is an international ollaboration that inludes, besides INPE, the University
of California San Diego, the University of Tübingen in Germany, the Massahusetts Institute of Tehnology
and the Spae Researh Organization Netherlands. The payload of MIRAX will onsist of two idential
hard X-ray ameras (10 -200 keV) and one soft X-ray amera (2-28 keV), both with angular resolution of
∼5-7 armin. The basi objetive of MIRAX is to arry out ontinuous broadband imaging spetrosopy
observations of a large soure sample (∼9 months/yr) in the entral Galati plane region. This will allow the
detetion, loalization, possible identiation, and spetral/temporal study of the entire history of transient
phenomena to be arried out in one single mission. MIRAX will have sensitivities of ∼ 5 mCrab/day in
the 2-10 keV band (∼ 2 times better than the All Sky Monitor on Rossi X-ray Timing Explorer) and 2.6
mCrab/day in the 10-100 keV band (∼ 40 times better than the Earth Oultation tehnique of the Burst
and Transient Soure Experiment on the Compton Gamma-Ray Observatory). The MIRAX spaeraft will
weigh about 200 kg and is expeted to be launhed in a low-altitude (∼600 km) irular equatorial orbit
around 2007/2008.
INTRODUCTION
The Monitor e Imageador de Raios-X (MIRAX) is a high-energy astrophysis satellite mission whih
is part of the spae siene mirosatellite program at the National Institute for Spae Researh (INPE) in
Brazil. MIRAX has been seleted to be the astrophysis mission within this program and has been proposed
to the Brazilian Spae Ageny (AEB). Sine the Brazilian astronomial ommunity is mostly devoted to the
elds of optial and radio astronomy, the development and operation of MIRAX is expeted to have a major
impat on Brazilian siene through the opening of a new observation window for astrophysial researh.
The MIRAX projet has strong international partnership. The University of California in San Diego (UCSD)
will provide the hard X-ray detetors and partiipate in the design of the hard X-ray ameras; the Spae
Researh Organization Netherlands (SRON) is expeted to provide the soft X-ray imager; the Institut für
Astronomie und Astrophysik of the University of Tübingen (IAAT) will provide the on-board omputer and
partiipate in software development; and the Massahusetts Institute of Tehnology (MIT) will partiipate
2in software development for data aquisition, analysis, storage and distribution. The main sienti goal of
MIRAX is the nearly ontinuous (9 months per year) , broad-band (2 to 200 keV), high-resolution (∼5-7
arminutes) monitoring of a spei large region of the sky that is partiularly rih of X-ray soures (a 76
◦
x
44
◦
eld entered on the Galati enter and oriented along the Galati plane). This will not only provide an
unpreedented monitoring of the X-ray sky through simultaneous spetral observations of a large number of
soures, but will also allow the detetion, loalization, possible identiation, and spetral/temporal study of
the entire history of transient phenomena to be arried out in one single mission. During the ∼3 months/year
when the Sun will be rossing the entral Galati plane, MIRAX will be pointed to other rih elds suh as
the Magellani Clouds and the Cygnus and Vela/Centaurus regions. MIRAX will be able to ontribute to
the study of a variety of phenomena and objets in high energy astrophysis, espeially in the so far poorly
explored non-thermal domain of hard X-ray observations. With the planned ontinuous monitoring approah,
MIRAX will address key issues in the eld of X-ray variability suh as blak hole state transitions and early
evolution, aretion torques on neutron stars (espeially through monitoring of X-ray pulsars), relativisti
ejetions on miroquasars and fast X-ray novae. MIRAX will also be able to ontribute to Gamma-Ray Burst
(GRB) astronomy, sine it is expeted that ∼1 GRB will be deteted per month in MIRAX's eld-of-view
(FOV). MIRAX will not only provide positions of GRBs with an auray a few arminutes but will also
obtain broadband X-ray spetra of the bursts and possibly their X-ray afterglows. MIRAX instruments are
expeted to be assembled in a dediated small (∼200 kg) satellite to be launhed in a low altitude, equatorial
irular orbit around 2007/2008. Table 1 shows the baseline parameters of MIRAX. In omparison with the
Burst Alert Telesope (BAT) on the Swift mission, expeted to be launhed in 2003, MIRAX has a smaller
detetor area in the hard X-ray range (fator of ∼7) but a higher angular resolution (fator of 2.3). The main
advantage of MIRAX over BAT is the ontinuous viewing approah for the study of transient phenomena
and variability.
Table 1. MIRAX baseline parameters
Mission and spaeraft parameters
Mass ∼200 kg (total), ∼100 kg (payload)
Power ∼240 W (total), ∼90 W (payload)
Orbit equatorial, irular, ∼600 km
Telemetry S-band (2200-2290 MHz), ∼1.5 Mbps downlink
Launh 2007/2008 by Brazilian VLS (Veíulo Lançador de Satélites)
Instrument parameters Hard X-ray Imager (CXD) Soft X-ray Imager (CXM)
Energy range 10-200 keV 2-28 keV
Angular resolution 7.5 armin 5 armin
Loalization < 1 armin (10σ soure) < 1 armin (10σ soure)
Field-of-view 58
◦
x 26
◦
FWHM along the GP 20
◦
x 20
◦
FWHM
Spetral resolution < 5 keV  60 keV 1.2 keV  6 keV
Time resolution < 10 µs 122 µs
Sensitivity < 2.6 mCrab (1 day, 5σ) < 5 mCrab (1 day, 5σ)
Detetor area 2 x 360 m
2
650 m
2
MIRAX INSTRUMENTS
In the urrent planned onguration, the payload will onsist of a set of two hard X-ray ameras (CXD -
Câmera de Raios-X Duros) and one soft X-ray amera (CXM - Câmera de Raios-X Moles). Both imagers
will employ the tehnique of oded-aperture imaging (Dike, 1968; Skinner, 1984; Caroli et al., 1987; Braga,
1990), whih has been highly suessful on X-ray satellite instruments suh as Spaelab 2/XRT (Willmore
et al., 1984), GRANAT/ART-P (Sunyaev et al., 1990), RXTE/ASM (Levine et al., 1996), BeppoSAX/WFC
(Jager et al., 1997), Kvant/COMIS-TTM (In 't Zand, 1992), and espeially GRANAT/SIGMA (Roques et
al., 1990; Paul et al., 1991; Bouhet et al., 2001), as well as on balloon experiments suh as GRIP-2 (Shindler
et al., 1997) and EXITE (Garia et al., 1986; Braga, Covault and Grindlay, 1989).
3The Hard X-Ray Cameras
The CXDs will be built in ollaboration with the Center for Astrophysis and Spae Siene (CASS) of
UCSD and will operate from 10 to 200 keV. The detetor plane will be a 3 x 3 array of state-of-the-art
CdZnTe rossed-strip detetor modules with 0.5 mm spatial resolution developed at CASS, with a total area
of 360 m
2
. Eah detetor module is a 2 x 2 array of 32 mm x 32 mm x 2mm thik CZT detetors. The
detetors will be surrounded by an ative plasti sintillator shield and by a passive Pb-Sn-Cu graded shield.
A 315 mm x 275 mm Tungsten oded-mask with 1.3 mm-side square ells (0.5 mm-thik) will be plaed
600 mm away from the detetor to provide images with 7'30" angular resolution. The basi pattern of the
mask will be a 139 x 139 Modied Uniformly Redundant Array (MURA - Gottesman and Fenimore, 1989;
Braga et al., 2002), whih will allow for full shadowgrams to be ast on the position-sensitive detetor area
and will provide no soure ambiguity problems in the fully-oded eld-of-view (FCFOV). A sketh of the
CXD is shown in Figure 1. The pointing axes of the two CXDs will be oset by an angle of 29
◦
in order
to provide a uniform sensitivity over a 39
◦
FCFOV in one diretion; the perpendiular diretion will have
a 6
◦
12' FCFOV. In suh a onguration the FWHM FOV is 58
◦
x 26
◦
. During the observations of entral
Galati Plane, the wider diretion of the FOV will be aligned with the GP. Figure 2 shows the frational
oded-area (onsidering the two ameras) as a funtion of angle, for the diretion aligned with the GP.
The Soft X-Ray Camera
The CXM, expeted to be provided by SRON, is the spare ight unit of the Wide Field Cameras (WFCs -
Jager et al. 1997) of the reently-terminated BeppoSAX mission (Boella et al. 1997), and will operate from
1.8 to 28 keV. The CXM will have a 5' angular resolution in a 20
◦
x 20
◦
FWHM FOV. The addition of the
WFC to the MIRAX payload will provide soft X-ray spetral overage whih will be extremely important for
the study of the several lasses of soures in the MIRAX FOV. Furthermore, the exellent perfomane of the
WFCs on BeppoSAX brings to MIRAX an instrument that has already been tested and used suessfully
in orbit with very little degradation on a time sale of several years. A preliminary design of the MIRAX
spaeraft is show on Figure 3. The CXM is mounted on top of the two CXDs, whih are oset by 29
◦
. A
star amera with an Ative Pixel Sensor (APS), urrently being developed at INPE, is plaed in the spae
between the two CXDs.
The Flight Computer
The instruments on the payload of MIRAX will send data to a Central Eletronis Unit (CEU), whih
will be the data and ommand interfae between the imagers and the spaeraft. The CEU will reeive and
proess data from the three ameras, selet the "good" events aording to a variety of riteria (thresholds,
shield vetoes, alibration soure events, et.) and build the telemetry pakets. The proessing at the CEU
will inlude determination of position, energy and depth of the X-ray interations in the CZT detetors, as
well as time tagging. The data pakets will then be sent to the MIRAX spaeraft omputer for transmission
to the ground. The CEU will be developed by the IAAT with ollaboration from INPE. The IATT has
extensive experiene on spae missions and a strong heritage in ight omputers.
Sensitivity
The MIRAX hard X-ray sensitivity an be estimated based on the expeted bakground level in the low-
orbit environment, whih is about 200 ts/s for a single imager. The internal omponent is alulated from
balloon ights of prototype CZT detetors launhed from Fort Sumner, NM. The Crab nebula plus pulsar
photon ount rate will be ∼120 ts/s. Taken the approximate total ontribution of soures in the primary
MIRAX FOV (entral GP) to be about 1 Crab, the MIRAX sensitivity is expeted to better than 2 x 10
−5
photons m
−2
s
−1
keV
−1
at 100 keV (5 σ) , or ∼2.6 mCrab/day in the 10-100 keV range (approximately 40
times better than the Earth Oultation tehnique of the Burst and Transient Soure Experiment on CGRO).
Tehniques for bakground redution for CZT strip detetors are being developed, espeially involving vetoing
of multiple, non-ontiguous events (expeted to ome from partile-indued showers within the surrounding
material) and low-energy interations deep in the detetor, whih are produed by photons inident from the
bottom of the detetor plane. The CXDs will have a one-year survey sensitivity, onsidering a onservative
systematis limit of 0.1% of bakground, of about 10-11 erg m
−2
s
−1
in the 10-50 keV band. This is ∼20
times better than what was ahieved by the HEAO 1 A-4 instrument, whih arried out the only hard
4X-ray survey to date (Levine et al., 1984). For the low energy range, the soft X-ray imager will have
approximately the sensitivity of the WFCs on BeppoSAX, whih is better than 5 mCrab/day in the 2-10
keV band (approximately 2 times better than the All Sky Monitor on RXTE).
SPACECRAFT AND MISSION OPERATIONS
The MIRAX spaeraft will be based on the satellite bus already developed at INPE for the Frenh-
Brazilian mirosatellite (FBM) mission, expeted to be launhed in 2005. The platform employs a 3-axis
attitude stabilization system with 2 star trakers, a sun sensor and a magnetometer. Torque rods and
reation wheels will be used as attitude ontrolers. The MIRAX payload will have no moving parts and a
mass of ∼100 kg, while the total spaeraft mass is expeted to be under 200 kg. There will be no propulsion
and the pointing will be inertial. The pointing preision will be 0.5
◦
, with 36"/hr stability (1/10 of the
image pixel) and 20" attitude knowledge. The power onsumption of the payload will be between 88 and
96 W, depending on the nal onguration and the CEU requirements, and the total power of the satellite
will be around 240 W. The MIRAX mission duration is required to be 2 years, with a possible extension
to 5 years. A ground station at Natal, Brazil, operated by INPE, will be assembled. Possibly, a seond
ground station in Kenya will be available. The spae operation S-band (2200 - 2290 MHz) will be used for
downlink and ommand uplink. It is expeted that downlink data rates up to ∼2 Mbits/s will be possible
to reah, depending on the modulation and on oordination with other satellites. Our urrent estimates
indiate that a rate of 1.5 Mbits/s will be enough to dump all the data with no ompression if we use one
station. MIRAX is expeted to be launhed by 2007/2008 by the Brazilian satellite launher VLS, in ase it
is tested suessfully and is oially onsidered a reliable launher by the Brazilian Spae Ageny. In ase
a VLS is not available, other possibilities will be onsidered, suh as a Pegasus launh or as a piggy-bak
payload on larger launhers. MIRAX data will be 100% available to the ommunity immediately. Databases
will be setup at the missions enters in Brazil (INPE) and at UCSD. The database will also be available at
HEASARC (Goddard Spae Flight Center). Spei webpages with several data produts will be available.
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Figure aptions
Fig. 1. Exploded diagram of the MIRAX hard X-ray amera. From left to right, the elements are:
oded-mask, oded-mask support struture, Pb-Sn-Cu passive-shield walls, two strutural anges, detetor
modules, plasti sintillator and Pb-Sn-Cu passive shield.
Fig. 2. The frational oded area of the two hard X-ray ameras of MIRAX with the main axes oset by
29
◦
. This angle provides a nearly uniform FCFOV of 39
◦
along the GP.
Fig. 3. A preliminary view of the MIRAX spaeraft. The two ameras mounted over the satellite bus are
the hard X-ray ameras (CXDs), whereas the soft X-ray amera is on top of the CXDs. The APS optial
star amera is plaed in between the CXDs. The external dimensions are approximately 1.5 m x 0.7 m x
0.7 m (with the solar panels folded over the spaeraft).
This figure "Fig1.jpg" is available in "jpg"
 format from:
http://arxiv.org/ps/astro-ph/0302100v2
This figure "Fig2.jpg" is available in "jpg"
 format from:
http://arxiv.org/ps/astro-ph/0302100v2
This figure "Fig3.jpg" is available in "jpg"
 format from:
http://arxiv.org/ps/astro-ph/0302100v2
